Introduction
The monoclonal antibodies ipilimumab and nivolumab have recently been introduced as therapy for metastatic cutaneous melanoma. Ipilimumab is an antibody directed against inhibitory CTLA-4 proteins on the surface of activated T cells, while nivolumab blocks signalling of the inhibitory PD-1 receptor of tumour-resident T cells, thus enhancing the immune system to attack tu-mour cells. Treatment with so-called "checkpoint inhibitor immunotherapy" results in a higher survival for patients with metastatic cutaneous melanoma, however, at the cost of sometimes severe immune-related adverse effects (irAEs) [1, 2] . The most common irAEs include dermatologic and gastrointestinal complaints, such as skin rashes and diarrhoea as a result of dermatitis and colitis, respectively, and general fatigue [1, 2] , which may be caused by endocrinopathies, including thyroid gland disorders or hypophysitis. Ocular irAEs are rare but have been reported in 1.3% of patients receiving anti-CTLA-4 treatment [3] , and 1.6% of patients receiving anti-PD-1 treatment [4] . Typical ocular irAEs are uveitis and orbital inflammation. This report presents a case of severe ocular rosacea following combination treatment with ipilimumab and nivolumab, and reviews the literature regarding ocular surface irAEs.
Case Description
A 68-year-old male was diagnosed in 2015 with metastatic malignant cutaneous melanoma and treated with immunotherapy. He had had a pigmented lesion removed from his back in 2006. The patient was treated in a clinical trial (NCT01621490) and received, starting June 2015, 4 doses of ipilimumab in combination with nivolumab, followed by 5 doses of nivolumab monotherapy. Subsequently, a partial response (RECIST 1.1 criteria) [5] was seen, with regression of cerebral and extracerebral metastases on magnetic resonance imaging and computed tomography ( Fig. 1 ) . Adverse effects included diarrhoea, skin rash, and renal insufficiency, for which the immunotherapy was interrupted for 1 month and for which the patient received prednisone in August 2015.
Prior to the immunotherapy, the patient had had some minor complaints of dry eyes, without the need to visit an ophthalmologist. In late October 2015, 4 months after the start of immunotherapy, when prednisone for other adverse events had been tapered, the patient developed new complaints of dry eyes, aggravating in December 2015 to complaints of severe dry eyes, redness of periorbital skin, swelling of his face, and nasal congestion. At that time, he also developed asymptomatic grade 4 lipase and grade 3 amylase elevations, without clinical signs of pancreatitis, and symptomatic adrenal insufficiency, for which hydrocortisone substitution therapy was started. His immunotherapy treatment was discontinued permanently. The patient received artificial tears and in February 2016, prednisone was restarted at 30 mg per day for facial swelling and nasal congestion, which reduced the facial swelling and nasal congestion, but not the ocular problems ( Fig. 2 a) ; this led to referral of the patient to the Department of Ophthalmology of the Leiden University Medical Center in March 2016. On examination, the patient had typical facial rosacea, bilateral severe redness of the eyelids with many telangiectasias, congested Meibomian glands with surrounding inflammation, severe nasal and temporal conjunctival injection, diffuse severe punctate keratitis with adherent mucus, and no signs of uveitis or any other intraocular problems. Schirmer's test for tear secretion was less than 5 mm for each eye. Upon a diagnosis of severe ocular rosacea, topical treatment was started with corticosteroids (fluorometholone), a steroidal/antimicrobial ointment (hydrocortisone/oxytetracycline/polymyxine B) for the eyelids, and eyelid scrubbing twice daily. Lubricants were continued. Within 3 months, the ocular complaints had resolved and the corneal epithelium had recovered, showing a smooth and shiny surface without any punctate staining. There were telangiectasias on the lower eyelids, but no Meibomian congestion or inflammation, with excellent oil production. The patient experienced a great relieve and had discontinued the use of corticosteroids ( Fig. 2 b) . Treatment was continued with eyelid hygiene and lubricants.
Discussion
Several ocular irAEs have been described with ipilimumab treatment, such as uveitis, vitritis, peripheral ulcerative keratitis, choroiditis, serous retinal detachment, and orbitopathy [6] . Only a few ocular irAEs have been de- 190 scribed during nivolumab treatment, which include dry eyes, conjunctivitis, blurred vision, and iritis [4, 7, 8] . Our case presents ocular rosacea following treatment with ipilimumab plus nivolumab. A summary of the literature regarding irAEs of the ocular surface is provided ( Table 1 ).
As checkpoint inhibitors stimulate immune responses rather aspecifically, adverse immunological events can be expected. Immune responses involve the adaptive immune response and can be due to T-cell responses. Our case suggests that adaptive immune responses play an important role in rosacea, as has also been suggested by a b Fig. 2 . Slit-lamp photography. a Ocular rosacea after ipilimumab and nivolumab treatment. The redness of the eyelids and injection of the conjunctiva are clearly visible. The left eye is shown; both eyes had a similar appearance. b After adequate treatment for the ocular rosacea, the redness and inflammation have disappeared. Nguyen et al. [7] in the occurrence of complaints of dry eyes following nivolumab. The importance of T-cell-mediated autoimmunity in the lacrimal glands, which leads to lack of tear production, has previously been indicated [9] . Although the pathophysiology of ocular rosacea is still not fully understood, a local immune response is considered important [10] . Analysis of the skin in rosacea patients has shown an elevated presence of T cells, with mainly CD4+ expression and CD8+ expression to a lesser extent [11] . Treatment with either ipilimumab or nivolumab has been shown to increase the level of CD4+ and CD8+ cells in tumour tissue, thus supporting the suggestion of T-cell mediation in the pathophysiology of our case [12, 13] . Parallel to the situation in dry eyes, treatment with ipilimumab and nivolumab may probably have triggered a T-cell-mediated autoimmune response in the eyelids, leading to Meibomian gland disease, in combination with tear gland disease, which is responsible for the lack of tear production. The patient in our case responded initially to systemic corticosteroids and had complete resolution of ocular irAEs after topical treatment with corticosteroids and antimicrobial agents, together with eyelid hygiene. Most ocular irAEs following immunotherapy have been successfully treated with topical corticosteroids, and only rarely systemic therapy has been required [14] . Systemic steroids were required for ocular irAEs after immunotherapy in a patient developing iridocyclitis and marginal keratitis [15] and a patient developing dry eyes and sarcoidosis [16] . In one case, punctal occlusion was used for dry eye treatment [7] , but the authors noted the ambiguity of this procedure, which could worsen the complaints of dry eyes when clearance of inflammatory mediators from the ocular surface is delayed.
This report shows ocular rosacea as a rare but potential irAE of the ocular surface after treatment with immunotherapy for metastatic melanoma. As in most ocular irAEs, our patient responded well to corticosteroids. With immunotherapy being approved for an increasing number of indications, clinicians should be aware of the potential adverse events this treatment may elicit, including rare events, such as ocular rosacea.
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